Purpose: The aim of this study was to prospectively test the hypothesis that 6-fold acceleration of a 3-dimensional (3D) turbo spin echo (TSE) magnetic resonance imaging (MRI) pulse sequence with k-space undersampling and iterative reconstruction is feasible for fast high spatial resolution MRI of the knee, while yielding similar image quality and diagnostic performance when compared with a conventional 2-dimensional (2D) TSE MRI standard. Materials and Methods: The study was approved by the institutional review board. A 10-minute isotropic 3D TSE knee protocol consisting of accelerated intermediate-weighted (repetition time, 900 milliseconds; echo time, 29 milliseconds; voxel size, 0.5 Â 0.5 Â 0.5 mm 3 ; acquisition time, 4:45 minutes) and fat-saturated T2-weighted (repetition time, 900 milliseconds; echo time, 92 milliseconds; voxel size, 0.5 Â 0.5 Â 0.5 mm 3 ; acquisition time, 5:10 minutes) SPACE (sampling perfection with application optimized contrast using different flip angle evolutions) sequence prototypes was compared against a 20-minute 2D TSE standard protocol. The accelerated SPACE sequences were equipped with an optional variable-density poisson-disc pattern as an undersampling mask. An undersampling factor of 0.17 was chosen (6-fold acceleration compared with an acquisition with full sampling). An iterative, sensitivity encoding-type reconstruction with L1 norm-based regularization term was used. The study was performed on a 3 T MRI system using a 15-channel transmit/receive knee coil. The study groups included 15 asymptomatic volunteers and 15 patient volunteers. Quantitative and qualitative assessments were performed by 2 observers. Outcome variables included signal and contrast-to-noise ratio, image quality, and diagnostic accuracy. Qualitative and quantitative measurements were statistically analyzed using nonparametric tests. P values of less than 0.01 were considered significant. Results: The signal-to-noise ratios of 2D and 3D MRI were similar with the exception of fluid, which was brighter on 2D MRI. Relevant contrast-to-noise ratios of 2D MRI were higher than 3D MRI; however, observer ratings for satisfaction, image quality, and visibility of anatomic structures were similar for 2D and 3D MRI. There was moderate to excellent interobserver (κ = 0.54-1.00) and intermethod (κ = 0.54-1.00) agreement for assessing menisci, cartilage, ligaments, cartilage, and bone. Two-dimensional and 3D MRI had similar sensitivity (100%/100%, respectively) and specificity (87%/75%, respectively) for detecting 9 meniscal tears (P = 1.00).
T wo-dimensional (2D) turbo spin echo (TSE) pulse sequences are the current standard for the assessment of internal derangement of the knee. Magnetic resonance imaging protocols often consist of a combination of non-fat-saturated MRI scans to assess morphology and fat-saturated MRI scans to increase the conspicuity of processes such as acute trauma and active inflammation. Three tesla affords in-plane pixel lengths between 400 and 600 μm for exquisite in-plane spatial resolution of structures; however, sufficient signalto-noise ratios (SNRs) and z axis coverage typically require a slice thickness of 4 to 6 times the dimension of the in-plane pixel length. The resulting voxel anisotropy requires the separate acquisitions of transverse, sagittal, and coronal or oblique orientations for proper diagnostic assessment, which is a time-consuming process.
Three-dimensional (3D) TSE techniques, such as sampling perfection with application optimized contrast using different flip angle evolutions (SPACE), 1 fast spin echo-cube, 2 and VISTA (volume isotropic turbo spin echo acquisition), 3 yield substantially more signal through volume-based excitation and permit voxel isotropy through the possibility of slice thickness equal to the in-plane pixel length. This concept is appealing because a single isotropic data set allows for the creation of a virtually limitless number of linear and curved image reconstructions, thereby obviating data acquisitions in different planes. [4] [5] [6] [7] However, because multiplanar reconstruction images of high image quality require a small voxel size, such as 0.5 Â 0.5 Â 0.5 mm 3 , and because, in traditional 3D MRI, the number of slices equals the number of phase encoding steps in the z axis direction, the acquisition of such high spatial resolution isotropic 3D data is currently time-consuming and may conflict with available magnet time and patient compliance.
Limitations of current acceleration strategies of 3D data acquisition such as the use of higher linear parallel imaging acquisition factors, large voxel size, partial Fourier acquisition, longer echo train lengths, and disproportionately larger slice thicknesses can result in degradation of image quality by increases in image noise, blurring, and loss of uniformity of the image quality of multiplanar reconstructions, which can translate into impaired diagnostic accuracy for certain types of lesions, such as meniscal tears and cartilage defects. 8, 9 Incoherent k-space undersampling with iterative reconstruction represents an alternate approach to accelerate 3D image acquisition 10 with prospects to mitigate those limitations by improving image quality and potentially diagnostic accuracy.
The purpose of this study was to prospectively test the hypothesis that 6-fold acceleration of a 3D TSE MRI pulse sequence with k-space undersampling and iterative reconstruction is feasible for fast high spatial resolution MRI of the knee, while yielding similar image quality and diagnostic performance when compared with a conventional 2D TSE MRI standard.
MATERIALS AND METHODS

Subjects
This prospective single-center study was approved by our institutional review board and complied both with the Declaration of Helsinki and the Health Insurance Portability and Accountability Act. Written informed consent was obtained from all subjects.
The study population consists of 2 groups. Fifteen adult asymptomatic volunteers ( All patients underwent the standard diagnostic workup of our institution. Inclusion criteria for study recruitment were age 18 years or older and a high likelihood for surgical exploration based on clinical assessment. Exclusion criteria included prior meniscal surgery and contraindications to MRI. Magnetic resonance imaging examinations consisted of our standard 2D MRI protocol, which was used for therapeutic decision making. For the purpose of this study, 2 additional 3D pulse sequences were obtained for research purposes only.
MRI Technique
All MRI studies were performed on a clinical wide-bore 3 T MRI system (MAGNETOM Skyra, NUMARIS/4 Syngo MR D13A; Siemens Healthcare, Erlangen, Germany) with 48 radiofrequency receiver channels and a commercially available transmit/receive 15-channel knee coil (QED, Mayfield Village, OH).
A 10-minute isotropic 3D MRI protocol of the knee was designed consisting of an accelerated, non-fat-suppressed intermediateweighted (Table 1 , column 2) and a fat-suppressed T2-weighted (Table 1 , column 3) isotropic 3D SPACE prototype pulse sequence that was created by modifying the current publicly available SPACE pulse sequence. 7, 11, 12 The sequence prototype was equipped with an incoherent k-space undersampling pattern 10 using a poisson-disc variable density pattern combined with elliptical scanning and a fully sampled k-space center to allow for computation of coil sensitivities for the image reconstruction. The undersampling factor could be chosen freely.
Based on the compressed sensing theory, [13] [14] [15] [16] image reconstruction was performed with a nonlinear iterative sensitivity encoding-type algorithm with a data fidelity term and an L1 regularization term. 17 The rationale for this approach was based on the nonrandom nature and sparsity properties of MRI scans. The final MRI scan was an approximate solution to the following minimization problem:
withf being the reconstructed image, N c the number of receive channels, y n the nth channel of the acquired raw data, F u the undersampled Fourier transform, S n the nth coil sensitivity, λ a regularization parameter, and W the redundant Haar wavelet transform. The first term is a data fidelity term, which ensures the consistency between the measured k-space data and the image estimate. The second term enforces sparsity and serves as a regularization term. Here, sparsity is promoted by minimizing the L1 norm in the wavelet domain, after applying the redundant Haar wavelet transform to the image of the current iteration. The regularization parameter λ balances between smoothness and the absence of noise and aliasing artifacts.
An undersampling factor of 0.17 was chosen, which approximates a 6-fold acceleration when compared with an acquisition with full sampling. Slices were oriented sagittally. The non-fat-suppressed intermediateweighted accelerated SPACE data set was reconstructed with 30 iterations and a regularization parameter of 0.005, whereas the image data set of the fat-suppressed T2-weighted accelerated SPACE sequence was reconstructed with 40 iterations and a regularization parameter of 0.008.
Our institutional 2D TSE pulse sequence protocol was used as the standard for comparison. This protocol consists of a total of 6 sequences including 3 non-fat-suppressed intermediate-weighted 2D TSE pulse sequences in transverse, sagittal, and coronal slice orientation ( Table 1 , number 3-5), as well as 3 fat-suppressed T2-weighted 2D TSE pulse sequences in transverse, sagittal, and coronal slice orientation ( Table 1 , number 6-8). The total imaging time of this protocol was 20 minutes. Each pulse sequence was acquired once.
Quantitative Image Assessment
Signal intensity measurements were obtained in cancellous bone marrow space of the distal femoral epiphysis, Hoffa's fat pad centrally, central femoral cartilage, joint fluid, posterior cruciate ligament near the tibial attachment, and medial meniscus posterior third on 2D and 3D non-fat-suppressed and fat-suppressed MRI data sets. Signal intensity values were obtained by using the measurement tool of a picture archiving and communications system software (ClearCanvas Workstation; ClearCanvas Inc, Toronto, Ontario, Canada) on at least 2 different image planes. Signal-to-noise ratio was defined as SI ROI /SD background , where SI ROI is the mean signal intensity of the region of interest of the respective tissue and SD background is the standard deviation of the background signal. The region of interest areas were 4 to 5 mm 2 for background signal, intra-articular fat, and cancellous bone marrow, and 2 mm 2 for cartilage, fluid, ligament, and meniscus measurements. The background noise was measured anteriorly in room air and as close as possible to the most anterior portion of the knee. Measurements were performed by 1 observer with 5 years of experience in MRI 3 times with 2-week intervals in between. Measurement averages were used to calculate contrast-to-noise ratio (CNR) as |SNR1 -SNR2|.
Qualitative Image Assessment
To assess image quality, tasks were assigned to 2 observers each with 10 years of experience in musculoskeletal MRI, respectively. Tasks included rating the overall satisfaction of the provided data set for the accomplishment of diagnostic musculoskeletal MRI interpretation of internal knee derangement, technical image quality, and the readers' ability to evaluate the specific anatomic structures. Ratings were performed on an individual data set basis.
Technical image quality assessment included edge sharpness, pulsatile flow-related artifacts, image noise, contrast resolution, fat suppression, partial volume effect, chemical shift effect, fluid brightness, and uniformity of image quality between corresponding sagittal, coronal, and transverse images.
Specific anatomic structures that were evaluated included cartilage, anterior cruciate ligament, medial collateral ligament, lateral collateral ligament, medial meniscus, lateral meniscus, extensor tendons, nerves, and bone.
A 2D data set consisted of nonisotropic axial, sagittal, and coronal non-fat-suppressed intermediate-weighted and fat-suppressed T2-weighted images. Three-dimensional data set consisted of sagittal isotropic non-fat-suppressed intermediate-weighted and fat-suppressed T2-weighted images, which were displayed in axial, sagittal, and coronal planes using an interactive multiplanar reconstruction mode. All image annotations were removed, and each data set was assigned a unique random number. Readings were performed at approximately 1 lux using a picture archiving and communications system software (Ultravisual; Merge Healthcare, Chicago, IL) with 2 diagnostic-quality monochrome liquid crystal display monitors calibrated to Digital Imaging and Communications in Medicine standards. 18 Standardized hanging protocols were used. Observers were free to use their preferred window and level settings, magnification, and scrolling mode. The presence of motion artifact was noted.
Data sets were reviewed in groups of 5 subjects. The 10 data sets of each group were reviewed during 2 different sessions, which were performed 1 week apart. Each session included only one 2D or 3D data set of a subject. Observers performed the evaluations separately.
Diagnostic Performance Evaluation
For the assessment of the diagnostic performance, the same 2 observers evaluated the integrity of the menisci, cartilage, anterior cruciate ligament, medial collateral ligament, lateral collateral ligament, articular cartilage, and bone. Data sets were reviewed and presented in similar fashion as for the qualitative image assessment.
Menisci were graded as intact or torn. Cartilage was graded into intact versus defect (greater than 50% thickness substance loss). The location was indicated (medial and lateral femoral condyle, medial and lateral tibial plateau, trochlea, and patella). Ligaments were graded as intact (no signal alteration and no fiber discontinuity) versus torn (discontinuous fibers). Subchondral bone was graded into normal (normal signal intensities) and abnormal (abnormal signal alterations). Similar to cartilage lesions, the location was noted. A fracture was defined as bone marrow edema pattern with linear signal abnormality. In general, if more than 1 abnormality was found, the dominant lesion was used.
Surgical inspection was used as the standard of reference, which was performed within 60 days by fellowship-trained orthopedic surgeons with a minimum of 5 years of experience. The anatomic structures were systematically examined and graded using the same criteria.
Based on arthroscopic results, the mean sensitivity, specificity, and accuracy of 2D and 3D data sets for the detection of meniscal tears were calculated based on the ratings of both observers.
Statistical and Quantitative Assessments
Statistical analyses were performed using JMP Pro 11.1.1 software (SAS Institute, Cary, NC). Continuous and ordinal variables are given as the median with minimum and maximum in parentheses or ratios with percentages. To test for differences of continuous and nominal variables with 2 groups, Wilcoxon signed rank test was used. To test for differences of continuous and nominal variables with more than 2 groups, Kruskal-Wallis 1-way analysis of variance was used followed by Steel-Dwass post hoc testing based on F statistics. The rating of reader's overall satisfaction, technical image quality, and anatomic structures were performed with 5-point Likert scales. Cumulative scores were computed based on the sum of the individual Likert scores. Interreader agreement was assessed using Cohen weighted κ test. The grading of interobserver agreement was performed according to the recommendations of Landis and Koch. 19 The data of the 2 observers were combined when calculating sensitivity and specificity to increase statistical power for a comparison between 2D and 3D MRI. Based upon standard errors of the mean, the McNemar test was used to compare the diagnostic performance. Owing to multiple comparisons, P values of 0.01 and less were considered statistically significant.
RESULTS
Quantitative Image Assessment
The results of the SNR analysis of bone, cartilage, and articular soft tissues are given in Figure 1 . The coefficient of variance of the measurements ranged between 4.1 and 16.9. Fluid had a significantly higher SNR on both intermediate-weighted (P < 0.001) and fat-saturated T2-weighted (P < 0.001) 2D MRI scans when compared with 3D MRI scans. In addition, fat also had a significantly higher SNR (P < 0.001) on 2D intermediate-weighted MRI scans when compared with 3D MRI scans.
Relevant CNR calculations are given in Figure 2 . With the exception of the CNR of non-fat-saturated bone marrow and joint fluid, CNRs of 2D images with 3-mm slice thickness were significantly higher (P < 0.01) than those of 3D MRI scans with a slice thickness of 0.5 mm.
Qualitative Image Assessment
The satisfaction ratings of 2D data sets achieved satisfaction ratings of 64/75 (80%) for observer 1 and 66/75 (88%) for observer 2, whereas the satisfaction ratings for 3D data sets were 62/75 (83%) and 65/75 (87%), respectively. The denominator 75 represents the maximum achievable satisfaction score based on Likert scale ratings. There was no statistically significant difference between the rating for the corresponding 2D data sets (P = 0.567) and 3D data sets (P = 0.854) between observers. There was moderate interreader agreement (κ = 0.550; standard error, 0.141; 95% confidence interval, 0.274-0.826). Two data sets showed motion degradation of image quality.
The specific and cumulative scores of the technical image quality ratings are shown in Table 2 . For observer 1 and observer 2, the cumulative scores of the 2D and 3D data sets were not significantly different (P = 0.081 and P = 0.061, respectively). There was an overall moderate interreader agreement (κ = 0.477; standard error, 0.045; 95% confidence interval, 0.389-0.565).
The ratings of the observers' ability to evaluate specific anatomic structures are shown in Table 3 . For both observers, the cumulative scores of the 3D data sets were significantly higher (P < 0.001) than the 2D sets. There was an overall moderate interreader agreement (κ = 0.438; standard error, 0.040; 95% confidence interval, 0.359-0.516).
Diagnostic Performance Evaluation
Surgical data were available for 11/15 (73%) study subjects. There were 4 medial meniscus tears, 5 lateral meniscus tears, 2 anterior cruciate ligament tears, 2 medial collateral ligament tears, 7 cartilage defects, and 9 areas of abnormal subchondral bone. There were no lateral collateral ligament tears. Each patient had at least 1 abnormality. Both readers correctly identified 2 anterior cruciate ligament tears, 2 medial collateral ligament tears, and 1 fracture. The specific κ coefficients of the interobserver and intermethod agreement for menisci, cartilage, and subchondral bone abnormalities are given in Table 4 . The diagnostic performance parameters (Table 5) for medial (Fig. 3) and lateral meniscal tear (Fig. 4) are based on the 11 cases with surgical confirmation. There was no significant difference between 2D and 3D MRI for the diagnosis of meniscal tears (P = 1.00).
DISCUSSION
We demonstrate the clinical feasibility of 3D TSE MRI with incoherent k-space undersampling and iterative reconstruction for 6-fold accelerated, isotropic imaging of the knee on a standard 3 T MRI system. Our initial data suggest similar image quality and diagnostic performance of a 10-minute, accelerated 3D SPACE MRI protocol, when compared with a similar 20-minute 2D TSE MRI protocol, and highlight the potential of this technique to realize high-quality 3D MRI of the knee in under 10-minute scan time.
Fast 3D MRI is appealing for MRI of the knee because of the achievable high spatial resolution and the potential for substantial shortening of the acquisition time required. Gradient echo-based pulse sequence techniques, such as True-fast imaging with steady-state precession, fast low angle shot, and double-echo steady-state, are suitable for rapid 3D MRI and have been successfully used for cartilage assessment and internal derangement [20] [21] [22] [23] [24] [25] ; however, 3D gradient echo pulse sequences are inherently limited by their inability to produce a T2 contrast, which reduces their diagnostic accuracy in assessing cartilage defects, meniscal tears, and subchondral bone marrow edema pattern, 26 as well as abnormalities of tendons and ligaments. 20 As such, research efforts have been geared toward the use of TSE-based 3D pulse sequences for the diagnosis of internal knee derangements. Although results vary, several studies have shown that similar diagnostic performance of 3D fast spin echo MRI is achievable for anterior cruciate ligament tears, meniscal tears, lateral collateral ligament tears, cartilage defects, and bone marrow edema pattern 2, 5, 8, 27, 28 when compared with 2D TSE MRI protocols of the knee.
Previously reported diagnostic accuracies of 3D SPACE vary with the generation of the MRI systems, available coil technology, sequence parameters, and invested acquisition time. 5, 8, 9 A high-quality, fat-saturated 3D SPACE pulse sequence with a repetition time of 1200 milliseconds, echo time of 31 milliseconds, near isotropic 0.5 Â 0.6 Â 0.5 mm voxel size, variable flip angle mode, short echo train length of 30, 15-channel transmit-receive coil, and an acquisition time of 10 minutes and 44 seconds achieved similar to higher diagnostic performance for cartilage defects, subchondral bone marrow edema pattern, meniscal tears, and reader confidence than a high-resolution 2D TSE pulse sequence protocol. 5 In contrast, 3D SPACE with similar repetition time, echo time, and voxel size, but high turbo factor of *The denominator 75 represents the maximum achievable score for the respective anatomic structure based on Likert scale ratings. †The denominator 600 represents the maximum achievable cumulative score based on Likert scale ratings. ‡Comparison of the cumulative scores of 2D and 3D data set. 2D indicates 2-dimensional; 3D, 3-dimensional. 8 and 3D SPACE with a first-generation 3 T MRI system, 8-channel coil and larger, nonisotropic voxel size of 0.6 Â 0.6 Â 0.7 mm achieved inferior diagnostic accuracies. 9 Based on the results of previous reports, our goal was to design 3D SPACE pulse sequences with small, isotropic voxel size, full Fourier acquisition, and short echo train lengths to improve the visibility of fine detail and ensure uniformity of multiplanar reconstructions; sequence acquisition time of approximately 5 minutes to meet time constraints of today's health care environment; and echo times in excess of 90 milliseconds on fat-saturated images to increase the CNRs of fluid.
A major challenge of high-resolution isotropic 3D MR data acquisition is the small voxel volume, which inherently possesses less signal and more of them are needed to achieve the same coverage area. In our protocol, the volume of a 0.50 mm isotropic voxel is only 17% of the 2D 0.50 Â 0.50 mm voxel with a slice thickness of 3.0 mm. As such, a mediolateral knee coverage of 12.8 cm requires 256 slices with 0.50-mm thickness, rather than 43 slices of 3-mm thickness. Lowering bandwidth can increase SNR and increasing echo train length can help lower the total acquisition time, but both can introduce undesirable image blurring. 29 As such, the goal of the design of the prototype SPACE sequence used in this study was to keep the echo train length as low as possible while maintaining a receiver bandwidth of 400 Hz/pixel (empiric optimum).
The 5-minute acquisition time was realized through incoherent k-space sampling utilizing the sparsity of SPACE data. 10 Unlike MR angiograms, 17 however, SPACE data are not sparse in the spatial domain, but in the wavelet domain. However, when compared with dynamic MRI data or angiograms, even in the wavelet domain, static SPACE data with parameter settings for musculoskeletal MRI are sparse to a much lesser degree. Yet, our acceleration technique was capable of achieving a 6-fold acceleration of a SPACE pulse sequence, which is more acceleration than can be achieved with conventional parallel imaging techniques or partial Fourier techniques.
A practical challenge for the integration and use of this acceleration technique with a clinical MRI system was the time requirements for image reconstruction. The average time needed for image reconstruction depends on the size of the data set, the reconstruction hardware, and the number of iterations. We empirically found 30 to 40 iterations to be a reasonable compromise between reaching convergence and minimizing reconstruction time for the 2 prototype SPACE acquisitions performed in this study. Reconstruction times of a 3D data set in this study were 4 to 6 minutes, which were performed inline on a standard workstation in the background while other pulse sequences ran. Shortening of the reconstruction time can be achieved, for example, by using additional and advanced graphics processing units.
Another practical question is the optimal regularization parameter adjustment. While the regularization parameter is a compromise between sharpness and the absence of artifacts such as noise and wrapping, a suitable choice depends on the gross signal level of the data to be reconstructed. Patient-specific adaptations are not necessary and were not done in the presented study. In this study, the regularization parameters were chosen to preserve edge sharpness, rather than to decrease subjective image noise, which was based on our individual practice preferences.
The 6-fold acceleration afforded to keep the echo train length at a low level of 36 and 46 and the receiver bandwidth at an empiric optimum of 400 Hz/pixel. This had an additional effect of minimizing edge blurring and chemical shift effects, which is reflected in the technical image quality ratings. The better artifact ratings of 3D acquisitions were mainly due to the absence of pulsatile flow-related artifacts. The uniformity of multiplanar 3D reconstructions was high and similar to the separately acquired 2D MRI scans, which we believe was related to true voxel isotropy without the use of interpolation algorithms and conventional partial Fourier techniques. Similar to the overall trend of SNR, the CNRs and specifically the fluid brightness of 3D MRI scans were lower than on 2D MRI scans, which is a function of the lower TR used in 3D MRI and the higher noise levels of our 3D data sets due to a 6-fold smaller slice thickness. However, based on our previous experience, the TE of 90 milliseconds used for the fat-suppressed T2-weighted accelerated SPACE sequence resulted in brighter fluid when compared with echo times of approximately 30 milliseconds. The quality of fat suppression was rated higher for 2D MRI, which is likely due to a stronger, apparent fat suppression on 2D MRI scans when compared with 3D MRI scans. While each pulse sequence type has strengths in different categories, the overall satisfaction rating, cumulative image quality scores, and diagnostic performance of 2D and 3D data sets were not significantly different, suggesting that the defined differences are above the threshold level that is required for the diagnosis of internal derangements.
Our preliminary assessment indicates similar high diagnostic performance of accelerated 3D SPACE pulse sequences when compared with our 2D MRI standard. For both 2D MRI and 3D MRI, the diagnostic performances were better in the assessment of the medial meniscus than in the lateral meniscus, which seems similar to previously reported data 27, 28 and may be due to the fact that the MRI diagnosis of lateral meniscal tears is more challenging. Investigative Radiology • Volume 00, Number 00, Month 2015 Six-Fold 3D SPACE MRI Acceleration Our study had limitations. The SNR and CNR measurements of MRI scans with parallel imaging and nonlinear image reconstructions may be limited as the noise distribution can be dissimilar across the regions of an image. Alternative SNR measurement methods include the multiple acquisition and difference methods, 30 which are, however, difficult to achieve in a clinical research setting because at least 2 data set acquisitions are required for each sequence. We attempted to compensate for nonuniform noise distributions by averaging the measurements across different image planes and repeated measurements, which yielded acceptable coefficients of variance. There may have been a selection bias as only patients with high probability for surgery were included the study. Despite randomization of patients, the group number of 5 may have introduced an observer recall bias. For statistical purposes, the diagnostic performance assessment was dichotomously graded, which may represent an oversimplification as degeneration may not have been captured. The assessment of the diagnostic performance is based on a low number of subjects and not every subject underwent surgery. Thus, the diagnostic performance should be considered preliminary until data with larger patient numbers become available.
In conclusion, we demonstrate the successful clinical implementation of 3D TSE MRI with incoherent k-space undersampling and iterative reconstruction for 6-fold accelerated high spatial resolution isotropic 3D MRI data acquisition. Our preliminary assessments suggest similar image quality and diagnostic performance of a comprehensive 10-minute 3D TSE MRI prototype protocol and 20-minute TSE MRI standard protocol.
